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Abstract: The new compounds, [HoGaE(SiMes)z2ls, E = P (1), As (2), the first
authenticated examples of a phosphinogallane and an arsinogallane, containing the GaHp
moiety, are prepared via efficient dehydrosilylation from the respective combinations of
H3Ga:NMe3 and E(SiMes)s; in diethyl ether or toluene. Compounds 1 and 2 are
characterized by elemental analysis, NMR, IR, and mass spectrometry. Single-crystal X-
ray structural studies show that the molecular structures of 1 and 2 feature a flattened six-
member ring of alternating Ga and E centers. Both compounds are reasonably stable at -30
oC but spontaneously decompose at ambient temperatures, 2 noticeably faster than 1, with
the evolution of HSiMes, H», and E(SiMe3)3. The pyrolysis of 1 yields nanocrystalline
GaP while the pyrolysis of solids from decayed 2 results in nanocrystalline GaAs as

determined from XRD studies. Under applied pyrolysis conditions, the thermally




accelerated dehydrosilylation of the precursors is accompanied by a side-evolution of CHg

and retention of small quantities of amorphous Si/C phases.
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Introduction

Trimethylhalosilane elimination, or dehalosilylation, has proven to be a convenient
route for making group 13(M)-15(E) element bonds from the starting materials MX3 and
E(SiMe3)3 and, in favorable cases, a removal of all ligands and formation of the solid state
ME materials has been achieved.! However, a complete elimination of redundant Me3SiX
groups is rare in standard bulk syntheses and residual, usually amorphous Si/C phases
have been observed in the solid products in addition to the major crystalline ME.1e.2 On
one hand, this phenomenon results in composite materials with potentially useful properties
but, on the other hand, it poses an outstanding challenge with regard to separation of such
phases, if necessary. Interestingly, if one uses a related group 13-15 substituent isomer
system, e.g. {Al(SiMes)3} + PCl3 (or RpPCl), the prevailing reaction pathway under
ambient conditions is not dehalosilylation as defined above but ligand exchange with
subsequent P-P coupling side-reactions.3

We have recently reported on the high yield syntheses and structural
characterizations of the novel lithium pnictidogallates, (Et2O);Li[t-E(SiMe3)2]2GaHy, E =
P, As, that were obtained from the respective combinations of LiGaH4 and E(SiMe3)3 in
Et,0 via facile dehydrosilylation.4 Under specific reaction conditions for E = P, we
observed the formation of a minor byproduct whose spectroscopic characterization was
consistent with the building blocks of {HyGaP(SiMe3);}. There have also been other
precedences for the trimethylsilane elimination-condensation reactions in related group
13-15 systems. examples of which include {BH3}/P(SiM63)3,5 {Al(SiMe3)3}/PH3_4Ry,,3
and {Al(SiMe3)3}/NH36 combinations. These observations and reports turned our
attention towards investigating the {GaH3}/E(SiMe3)3 reaction systems as a potential
source for new molecular and polymeric precursors to GaE materials. The thermal

instability of the Ga-H bond” was expected to enhance the elimination-condensation




reactivity but also could lead to some undesirable side-decomposition pathways for these

precursors.

Results and Discussion

The combinations of H3Ga*NMej and E(SiMe3)3 in diethyl ether (preferably) or
toluene at ambient conditions afforded [HyGaE(SiMe3)2]3, E =P (1), As (2), the first
reported phosphinogallane and arsinogallane containing the GaH» moiety, as well as their

elimination-condensation polymeric products, via very efficient dehydrosilylation (equation

D).

H,Ga:NMe; + E(SiMes); —> 1/3[H,GaE(SiMe;),]; + HSiMe; + NMe; (1)

No reaction was detected for E = N under comparable conditions. This was in accord with
a decreased reactivity of the N-SiMe3 groups towards dehydrosilylation at ambient
conditions due to the strong N-Si bond and steric congestion in N(SiMe3)3, as previously
observed in the system LiGaH4/E(SiMe3)3 (E = N, P, As).# Crystalline compounds 1 and
2 were obtained from the reaction mixtures in EtpO at early stages of the reactions, and
after isolation they seemed to be reasonably stable for several days to weeks if stored at -30
oC. If any of the compounds was left in the mother liquor it would further react and turn to
a colored, insoluble polymeric solid. The NMR studies for samples prepared in toluene-dg
from crystalline 1 and 2 as well as from their respective yellow to orange decomposition
products showed increasing with time amounts of byproducts such as HSiMes, H, and
E(SiMe3)3 (especially for E = As). The occurrence of HSiMe3 was consistent with
progressing facile dehydrosilylation, the target elimination-condensation route in this study.
However, the presence of the remaining byproducts indicated other decomposition

pathways as well. The dihydrogen most likely resulted from a known reductive



decomposition of gallanes, whereas the resultant E(SiMe3)3 were derived from a complex
ligand redistribution chemistry operating in these systems. Interestingly, the same
decomposition species were also observed by us in the related case of the lithium
pnictidogallates, (Et;0)2Li[-E(SiMe3)2]2GaHy, E =P, As.* It appeared that in the
presently investigated systems the decay of the molecular species was faster in toluene than
in EtpO. Also, the E = P system decomposed slower than the E = As system under
analogous conditions, which resulted in a higher yield of the isolated P analog; however,
the yields of 1 and 2 were not optimized.

The elemental analysis and spectroscopic characterization of 1 indicated a product
of {HyGaP(SiMe3),} stoichiometry. In this regard, the infrared Ga-H stretching
frequency at 1837 cm-! was characteristic of terminal GaHy moieties.8® The 'H NMR
spectrum obtained at 400 MHz consisted of an atypical, significantly broadened doublet for
the SiMe3 protons at 8 0.45 and a characteristic broad resonance for the GaHj protons* at &
4.55 that integrated 9 to 1 as expected. Similarly, the 13C{1H} NMR spectrum showed
four regularly spaced peaks that could be interpreted either as two closely spaced doublets
or a second order pattern. The rather unusual appearance of the proton doublet prompted
us to run the sample at a higher field of 600 MHz with the hope to better resolve the
possibly overlapped resonances. Under this condition, the resonance pattern and position
for the SiMe3 protons remained unchanged but the separation of the peaks in the apparent
doublet decreased slightly. If the doublet resulted from a simple coupling of one
phosphorus with one proton, the separation should have remained the same; we thus
concluded that we dealt with complex and likely superimposed signals. Based on the
above, we first ruled out a planar, dimeric structure for 1 (triplet expected for the SiMe3
protons) and, for instance, a low symmetry trimer of the {H>GaP(SiMe3);} species
became probable. The singlet in the 3P NMR spectrum at 8 -265.8 was not of much help
here but, in the related case of the trimer [HoBP(SiMe3)2]3,7 a single phosphorus

resonance was also observed. A strong argument for the trimeric oligomerization, at least




in the evaporated state, was obtained from the mass spectrum of 1. It clearly showed the
highest m/e signal for the trimeric parent ion and other logical fragmentation signals.

Similarly as for 1, the elemental analysis for compound 2 was consistent with the
{HrGaAs(SiMe3),} stoichiometry. On the other hand, the compound's spectroscopic
characterization appeared to be simpler than for 1. For example, the 1H and 13C{!H}
NMR showed only sharp singlets for the SiMe3 groups indicating their symmetrical local
environment in the solution. The proton resonance for the GaH, moieties at & 4.65 was
broad and featureless, and integrated as expected with the SiMes proton signal. The
infrared Ga-H stretch at 1834 cm-! also supported the presence of the GaH; moieties in the
molecule. And last, the mass spectrum showed a parent ion and a clean fragmentation
pattern for the trimer [HoGaAs(SiMe3)2]3. Summarizing these observations, all the
characterization data for 1 and 2 were consistent with the trimeric connectivities, but they
also suggested some differences in the symmetry of the two rings, especially in solution.
A convincing proof of the compounds' solid state structures as trimers was provided by the
single-crystal X-ray diffraction studies.

The trimer [HoGaP(SiMe3);]3 (1) appears to be the first published example of a
phosphinogallane containing the GaHjy group. It features a six-membered ring of
alternating Ga and P centers as shown in Figure 1. Curiously, the thermal parameters for
the Ga atom are about twice the magnitude of the P atom, yet both atoms occupy
structurally similar positions, i.e. both are members of the ring. In fact, the value for Ga is
similar to the Si atom which is in an inherently more thermally active side-chain position.
Interestingly, unusually thermally active group 13 atoms are also found in two related ring
systems: in [HpGaAs(SiMe3)2]3 in which P is replaced by As (vide infra), and in
[H,BP(SiMe3)2]35 in which Ga is replaced by B. Based on crystallographic constraints
for 1, the hexagonal site symmetry imposes strict mirror-plane symmetry on the ring
atoms. However, the molecular symmetry of 1 may be lower than the crystallographic site

symmetry. Another factor contributing to ring puckering can stem from inherent




differences in bonding of Ga and P atoms in the ring which result in the Ga atoms that have
greater librational freedom or, alternatively, more rigid P atoms can accommodate more
ring strain compared to their neighbors. We calculated librational corrections for the
vibrationally averaged positions, which led to an increase in the average Ga-P distance of
only 0.006 A. However, even this small change indicates that the ring is probably not
planar, in accord with the analogous structures.

The ring angles in 1 illustrate some of the points discussed above. The Ga-P-Ga
angles of 126.35(10)° are significantly larger than the neighboring P-Ga-P angles of
113.65(10)°. Alternatively, this can be rationalized in terms of a greater ring strain at the P
centers (rigidity) than at the Ga centers (librational freedom). A few related and structurally
characterized (or calculated) organophosphine gallane adducts H3Ga-PR3 with four-
coordinated Ga and P atoms, and typical dative bonds, provide the following Ga-P bond
lengths: H3Ga*P(CgH11)3,102 2.4602 A; (H3Ga)2+(PMe2CHy),,102 2.399(4) A;
H3Ga-PHj (calculated),102 2.576 A; H3Ga-P(t-Bu)3,10b 2.444(6) A; H3Ga-PMe3
(calculated),10b 2.550 A. The average Ga-P length in 1 of 2.3922 A is, however, more
appropriately compared with the Ga-P distances found in the planar dimers exemplified by
[C1,GaP(SiMe3)alalla, 23792 A, [BryGaP(SiMes)alp!lb, 23862 A,
[[,GaP(SiMes)alo11¢,  2.397(3) A, [Me,GaP(SiMe3);]-11d, 24561 A, and
(Et,0),Li[u-P(SiMe3)2]pGaHo?,  2.4122(12) A or in the trimers such as planar
[t-BupyGaPH,]3122, 2.439(3) A, boat [MeyGaP(i-Pr)2]312b, av 2.442 A, or chair
[Me;GaP(Me)Phl312¢, av 2.410 A.

The molecular structure of [HyGaAs(SiMe3)2]3 (2) in the solid state, the first
reported arsinogallane containing the GaH; moiety, is shown in Figure 2. It confirms a
trimeric core of alternating four-coordinated Ga and As centers. The ring has an apparent
twist boat conformation but displays a significant flattening wherein the ligands assume a

close to symmetrical arrangement above and below the core. Such a ligand configuration




could be partly responsible for the observed equivalency of the SiMe3 protons and carbons
in the NMR spectra. The ring flattening, with maximum displacement from planarity of
0.25 A, is demonstrated by the close and small values of the Ga-As-Ga-As torsion angles
listed in Table 2. It has also some impact on the ring internal angles and associated ligand
strain. The As-Ga-As average angle, 110.959, is smaller than the average Ga-As-Ga
angle, 127.08°, indicating significant strain at the As centers in accord with what was
discussed above for 1. This, however, seems to be compensated by the smaller Si-As-Si
angles (av 107.53°) than the H-Ga-H angles (av 127°), an apparent benefit of the small H
ligand size. A similarly flattened ring was earlier reported for the related borane derivative,
[HoBP(SiMe3);13,” in a twist chair conformation. The Ga-As average bond length in 2,
2.4742(9) A, is rather short among the relevant four-coordinated Ga-As compounds and
can be compared with the bond distances in the related (Et20)-Li[u-As(SiMe3)2],GaHy,4
2.4941(5) A, [I,GaAs(SiMej3)z]a,132 av 2.471(4) A, or
[(Me3SiCH,),GaAs(SiMe3),]s,13b av 2.5671 A. Also, the Ga-H average bond length,
1.50(3) A, compares well with the Ga-H distances in the closely related
(Et20)2Li[u-E(SiMe3)2]2GaH2,4 where for E = P it was 1.58(4) A and for E = As it
showed 1.51(5) A. Generally, this value is in the typical range for terminal Ga-H bond
lengths as illustrated by the following cases: GaHg (gas phase),14 1.519(35) A for the
terminal hydrogens (1.710(38) A for the bridging hydrogens); [Me,NGaH3], (gas
phase:),9C 1.487(36) A; a solid product from the reaction between H3GaNMes and
1,4-di-t-butyl-1,4-diazabutadiene’b containing a terminal GaHy group, 1.57(8) A and
1.54(12) A.

Theoretically, decomposition of the trimers, [HyGaE(SiMe3)3]3, via
dehydrosilylation should result in the GaE binaries that, noting the efficiency of the
HSiMe; elimination at ambient conditions, should take place at relatively low temperatures
compared with other precursor routes, especially for E = P. In this regard, the relevant

X3Ga/P(SiMes3)3labef (X = halide) dehalosilylation systems were earlier reported to form




stable adducts at room temperature and only prolonged sonication or reflux in hexane
caused a removal of one Me3SiX equivalent and the formation of [X,GaP(SiMe3)s]». The
pyrolyses of these adducts at 450 °C under vacuum resulted in the formation of mostly
nanocrystalline GaP but also in retention of some Si/C phases from thermal cracking of
residual SiMe3 groups.1¢ On the other hand, the X3Ga/As(SiMe3)3!2.Lhi dehalosilylation
system was found for X = Cl to eliminate at room temperature approximately two
equivalents of Me3SiCl but for X = Br, [ only one MesSiX equivalent was observed. The
pyrolyses of these precursors yielded GaAs solids apparently containing none or very little
Si/C residues.

In the present study, the pyrolyses of the precursors from the {GaH3}/P(SiMe3)3
system, compound 1 and the related colored polymeric solid, under applied conditions
afforded nanocrystalline GaP with the average crystallite size of 2.3 nm (450 °C, vacuum)
or 29.4 nm (600 °C, vacuum), and 5.1 nm (475 °C, vacuum), respectively. However, a
mismatch between the theoretical and observed TGA weight losses, the presence of CHy in
the pyrolysis off-gases, and the elemental analysis of the pyrolyzates all clearly indicated an
incomplete HSiMe3 elimination and the resulting cracking of the SiMes groups that
eventually led to the retention of Si/C amorphous phases in the final product. Additionally,
the detection of the P(SiMe3)3 byproduct pointed to other decomposition side-reactions as
well. Interestingly, the analyzed silicon and carbon contents were similar to those observed
for some of the pyrolysis products from the X3Ga/P(SiMe3)3 dehalosilylation‘systems.le
Regarding the {GaH3}/As(SiMe3)3 system, the pyrolysis of pure compound 2 was not
possible due to its fast decomposition at ambient conditions. However, the reflux in
xylenes (bp 137-144 °C) of the colored polymeric solid obtained in this system resulted in
a product with an XRD spectrum that indicated the onset of GaAs crystallinity. The
pyrolysis of the polymeric solid at 450 °C under vacuum yielded nanocrystalline GaAs
with the average crystallite size of 3.4 nm as determined by XRD. Similarly with the

analogous phosphorus system, the analytical evidence supported the retention of the Si/C




species in the final product. Additionally, there appeared to be a significant excess of
gallium, i.e. Ga/As was found at 1.5/1.0. This feature was a likely consequence of the low
barrier decomposition of the precursors along the E(SiMe3)3 and Hj elimination pathways
which were much more acute for E = As than for E = P. These pathways would have been
expected to lead to some gallium rich phase due to arsenic depletion (decay of GaHy
moieties associated with Hy evolution plus the formation and removal of the soluble
As(SiMe3)3 byproduct). It should be stressed, however, that the major crystalline product
was by XRD the nanosized GaAs and both the minor gallium rich and Si/C byproducts
seemed to be separate. In summary, the facile HSiMe3 elimination-condensation chemistry
for these precursors was found to coexist and compete with other decomposition pathways

associated with the inherent fragility of the Ga-H bonds.

Experimental Section

General techniques. All experiments were performed using standard vacuum/Schlenk
techniques. Solvents were distilled from Na benzophenone ketyl or Na/K alloy prior to
use. H3Ga:NMes,15 P(SiMe3)3,16 and As(SiMe3)3!7 were prepared by literature methods.
N(SiMe3)3 was obtained from Aldrich and used as received. 'H. 13C{1H}, and 31P NMR
spectra were recorded on the Varian Unity 400 and Unity 600 spectrometers at 25 °C from
toluene-dg solutions and referenced vs. SiMeg by generally accepted methods. Mass
spectra were collected on a JEOL JMS-SX 102A spectrometer operating in the EI mode at
20 eV; the assignment of the ion fragments was supported by comparison with theoretical
jon distributions. IR spectra of solids and gaseous pyrolysis products were acquired using
KBr pellets and a gas cell, respectively, on a BOMEM Michelson MB-100 FT-IR
spectrometer. A calibrated manifold was used for volume estimations of reaction gases.
TGA/DTA analyses were acquired under an UHP nitrogen flow on a TA Instruments SDT

2960 simultaneous TGA/DTA apparatus. Elemental analyses were provided by E + R
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Microanalytical Laboratory, Corona, NY. Melting points (uncorrected) were determined
with a Thomas-Hoover Uni-melt apparatus for samples flame-sealed in glass capillaries.
Single-crystal X-ray diffraction study for 1 was performed at the University of Delaware,
Department of Chemistry and Biochemistry, Newark, DE, on a Siemens P4 diffractometer,
and study for 2 was carried out at the University of Minnesota, X-ray Crystallographic
Laboratory, Minneapolis, MN, on a Siemens SMART Platform CCD system using in both
cases Mo K radiation (A = 0.71073 A) at 2032 K for 1 and at 1732 for 2. All
calculations were carried out using the SHELXTL V5.0 or V5.03 suite of programs;!8 the
structures were solved by direct methods. XRD data were collected using mineral oil
coated samples on a Phillips XRD 3000 diffractometer utilizing Cu Ko radiation; the
average particle sizes of GaP and GaAs pyrolysis products were calculated using the

Scherrer equation applied to the (111) diffraction lines of the cubic GaP and GaAs.

Reaction system H3Ga:NMe3/P(SiMe3)3

Synthesis of [H2GaP(SiMe3)2]z (1) in Et0. A sample of freshly prepared
H3Ga-NMe3 (0.40 g, 3.0 mmol) was dissolved in 30 mL Et;O. To this, a solution of
P(SiMe3)3 (0.75 g, 3.0 mmol) in 15 mL of EtpO was added at room temperature. After an
overnight stirring, the solution was partially evacuated to 5-10 mL and stored at -30 °C
which resulted in the formation of small colorless crystals. The crystals were separated
from the mother liquor and evacuated for 10 minutes (0.48 g). After further concentrating
the mother liquor to less than 5 mL, another batch of crystals was obtained at -30 °C (0.10
g). Total yield, 0.58 g or 78% based on equation 1 (vide infra). Storage of solid 1 at
room temperature for several hours to days resulted in a gradual color change to yellow.
X-ray quality crystals were first obtained at -30 °C from both the ethereal and toluene
solutions of 1; however, serious twinning problems prevented from a satisfactory
crystallographic refinement. Crystals of 1 of better quality were eventually obtained from a

related reaction system in which 1 appeared to be a major byproduct.1? Melting behavior:
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150-160 °C, change of color to brown-black; no melting to 300 °C. Anal. Found (calcd)
for C1gHgoGas3P3Sig: C, 28.72 (28.93); H, 7.85 (8.09). 'H NMR (400 MHz): 6 0.45
(54H, SiMes; high-neck doublet, apparent Jp.g coupling of 4.6 Hz), 4.55 (6H, GaHy, br);
IH NMR (600 MHz): § 0.45 (54H, SiMe3; high-neck doublet, apparent Jp_y coupling of
3.6 Hz), 4.54 (6H, GaHy); 13C{!H} NMR (400 MHz) (intensity): 6 1.982 (80), 1.955
(100), 1.929 (100), 1.902 (80); 13C NMR (600 MHz) (intensity): & 1.998 (85), 1.979
(100), 1.965 (80), 1.946 (90). 31P{!H} NMR (400 MHz): & -265.8. MS: m/e
(intensity)(ion): peak clusters around: 746 (3)([H2GaP(SiMe3)2]3 or M), 731 (1)(M - Me),
673 (1)(M - SiMe3), 568 (25)(M - P(SiMe3)2), 496 (100)([H,GaP(SiMe3)2]2 - 2H or M* -
2H), 483 (2)(M* - Me), 425 (13)(M* - SiMes), 409 (2)(M* - SiMe3 - Me - H), 318
(12)(M* - P(SiMes)2 - 3H), 247 (40)(H,GaP(SiMe3)z - H or M™* - H; possible
contribution from P(SiMe3)3 at m/e 250), 235 (2)(P(SiMe3)3 - Me), 178
(28)(HP(SiMe3)2), 163 (11)(HP(SiMes)2 - Me), 147 (15)(P(SiMe3)2 - 2Me), 73
(26)(SiMe3), 59 (2)(HSiMey). IR: v(Ga-H) 1837 cmrl.

Reaction of H3Ga-NMe3 with P(SiMe3)3 in toluene. The reaction in toluene was
performed similarly as above. After two days at room temperature, the mixture turned
yellow and, after additional two days at -30 °C, orange. At the end of the fourth day, the
volatiles were removed and the resulting orange solid was evacuated for 3 hours. The solid
could not be redissolved in fresh toluene afterwards. A 'H NMR study of the dg-toluene
slurry of the orange solid showed abundant P(SiMe3)3, some HSiMes, H»,8 and a very
broad peak feature at § 0.6; no discernible Ga-H resonances were observed between 8 4 to

6. IR: v(Ga-H) 1842 cm-! (br).

Thermal decomposition studies. (a) Pyrolysis of 1. The weight changes by

TGA started at 120°C. Two severely overlapping weight loss stages between 120 and
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230 °C were observed with a total weight loss of 55.5 %. No additional weight loss
occurred up to 500 °C. Calculated weight change for: [HyGaP(SiMe3)2]3 = 3GaP +
6HSiMes, 59.6 %. A sample of 1, 0.23 g (0.31 mmol) was pyrolyzed in a sublimator
under vacuum at 200 °C for 2 h and at 450 °C for 3 h with the collection of volatiles.
Small amounts of a viscous liquid were observed to condense on colder parts of the
apparatus (confirmed to be P(SiMe3)3 by NMR) and the main product was a black solid,
0.12 g (theoretical 0.10 g). EA: Ga, 61.26; P, 27.16; Si, 5.59; C, 1.00; H, 0.48; Ga/P =
1.0/1.0; P/Si = 4.4/1.0; C/Si = 0.4/1.0. Non-condensables (CH4 and Hp), approximately
0.65 mmol (0.01 g); condensables (HSiMe3), 0.95 mmol (0.07 g). Weight of volatiles,
approximately 0.08 g. An XRD pattern for the black product matched JCPDS file 12-191
for cubic GaP; average particle size, 2.3 nm. Another sample of 1 was pyrolyzed under
vacuum at 400 °C for 2 h and at 600 °C for 0.5 h, and an XRD pattern for the black
product matched JCPDS file 12-191 for cubic GaP; average particle size, 29.4 nm.

(b) Pyrolysis of the toluene insoluble solid. Continuous weight changes by TGA
for the orange product from the reaction in toluene commenced at 30 °C with most of
losses occurring in the 100-200 °C range, 20%, and smaller losses to 400 °C, 3%; total
weight change to 500 °C, 23%. In another experiment, 0.38 g of the orange solid was
placed in a sublimer that was attached to a -196 °C cold trap. The system was briefly
evacuated and then closed under static vacuum. The sublimer was heated at 200 °C for 2 h
and at 475 °C for 3 h with the collection of volatiles. Some brown solid deposited on the
colder parts. The final product was a shiny black solid, 0.22 g or weight loss of 0.16 g.
EA: Ga, 64.76; P, 28.69; Si, 2.64; C, 3.53; H, 0.79; Ga/P = 1.0/1.0; P/Si = 9.9/1.0; C/Si
= 3.1/1.0. Non-condensables (CH4 and possible Hy), approximately 0.8 mmol (0.01 g);
condensables (HSiMe3), 1.8 mmol or 0.13 g. Weight of volatiles, 0.14 g. An XRD
pattern for the black product matched JCPDS file 12-191 for cubic GaP; average particle

size, 5.1 nm.
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Reaction system H3zGa-NMei/As(SiMe3)3

Synthesis of [HyGaAs(SiMe3)2]3 (2) in Et20. A sample of freshly prepared
H3Ga*NMe3s (0.40 g, 3.0 mmol) was dissolved in 20 mL Et;O. To this, a solution of
As(SiMe3)3 (0.88 g, 3.0 mmol) in 20 mL of Et;O was added at room temperature. After
an overnight stirring, the yellow solution was concentrated to 5-10 mL and stored at
-30 °C. After one to two days, the solution darkened and some colorless crystals
appeared, 0.21 g (24 % based on equation 1 (vide infra). X-ray quality crystals were
obtained at -30 °C from the ethereal solution of 2 after separating freshly formed crystals
from the mother liquor. If the crystals were left in the liquor at -30 °C or higher
temperatures, they would soon disappear, the solution acquiring an orange color, and a
yellow-orange solid precipitating. Also, increased concentrations of the reactants
accelerated the formation of the insoluble product. For crystals, melting behavior:
130-150 °C, change of color to black; no melting to 300 °C. Anal. Found (calcd) for
C3HeoGazAs3Sig: C, 24.37 (24.59); H, 6.68 (6.88). 1H NMR: 5 0.49 (54H, SiMe3),
4.65 (6H, GaHy, br). 13C{1H} NMR: § 2.15. MS: m/e (intensity)(ion): peak clusters
around: 877 (3)([H2GaAs(SiMe3)z]3 - H or M - H), 805 (3)(M - SiMe3), 791 (2)(M -
SiMes - Me + H), 731 (1)(M - 2SiMe3 - H), 657 (83)(M - 3SiMe3 - 2H or M -
As(SiMes)2), 586 (100)([HyGaAs(SiMe3)z]r or M¥), 512 (100)(M™ - SiMes - H), 497
(11)(M* - SiMe3 - Me - H), 363 (10)(M* - As(SiMe3) - 2H or M* - 3SiMes - 4H), 291
(100)(H,GaAs(SiMe3); - H or M** - H), 222 (93)(HAs(SiMe3)»), 206 (56)(As(SiMe3); -
Me), 191 (11)(As(SiMe3), - 2Me), 134 (31)(HAsSiMey), 73 (100)(SiMe3), 69 (4)(Ga),
59 (32)(HSiMey). IR: v(Ga-H) 1834 cmrl.

Reaction of H3Ga*NMe3 with As(SiMes)3 in toluene. The reaction in toluene
was performed similarly as above. Coloration of the solution with concurrent formation of
colorless crystals were observed at -30 °C one day past addition, as in the EtzO reaction
system. Upon concentrating the mixture to approximately 10 mL, a yellow-orange

insoluble solid formed and no crystals were observed anymore. After one week of storage
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at -30 °C, the volatiles were removed affording an orange solid. EA: Ga, 29.29; As,
36.79; C, 19.39; H, 4.84; Ga/As = 0.9/1.0; H/C = 3.0/1.0: C/As = 3.3/1.0. H and
13C{1H} NMR spectra for a toluene-dg slurry of the solid showed peaks for As(SiMe3)3,
HSiMes, Hp, and a weak, very broad feature at 6 0.7. IR: v(Ga-H) 1830 cm-! (br).

Thermal decomposition studies. Pyrolysis of the toluene insoluble solid.
A TGA curve for the orange solid isolated after one week past addition (as above) showed
two stages for weight changes: 30-250 °C, 13% and 250-500 °C, 9%; total weight loss,
22%. For pyrolysis, 0.32 g of the orange solid was placed in a sublimer that was attached
to a-196 °C cold trap. The system was briefly evacuated and closed under static vacuum.
The sublimer was heated at 200 °C for 2 h and at 475 °C for 3 h, and volatiles were
collected. Some orange-brown solid deposited on the colder parts. The final product was
a black solid, 0.20 g, or weight loss of 0.12 g. EA: Ga, 48.23; As, 34.26; Si, 3.03; C,
0.23;: H, 0.12; Ga/As = 1.5/1.0; As/Si = 4.2/1.0. Non-condensables (CH4 and possible
Hj), approximately 0.5 mmol (0.008 g); condensables (HSiMe3), 1.1 mmol (0.081 g).
Weight of volatiles, 0.09 g. An XRD pattern for the black product matched JCPDS file 14-
450 for cubic GaAs; average particle size, 3.4 nm. In another experiment, some of the
orange solid was refluxed in xylenes (bp 137-144 °C) for 40 h. Soon after the beginning
of reflux, the solid turned dark brown-black. Upon completion, the dark solid was dried
under vacuum. An IR spectrum for the solid contained some weak vibrations for CH3
groups but no Ga-H stretches. An XRD spectrum showed two broad halos at 20 28° and
490 that were consistent with the onset of GaAs crystallinity.

Structural analyses of 1 and 2. Suitable colorless crystals of 1 and 2 were sealed in
glass capillaries. Specimens of 2 were stored at -30 °C prior to determinations and a
locally designed low temperature transfer device was used to keep the sample cold (< -40
oC) during its removal from the capillary and subsequent transfer to the goniometer. For

1, systematic absences in the data and diffraction symmetry indicated any of the hexagonal
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space groups P63, P63/m, and P6322. E-statistics strongly favored the centrosymmetric
alternative, P63/m, which proved to be correct based on the results of refinement. For 2,
systematic absences and intensity statistics determined the space group P2;/n. The
structures were solved by direct methods. All non-hydrogen atoms were refined with
anisotropic displacement parameters. For 1, all hydrogen atoms were placed in ideal
positions and refined as riding atoms with relative isotropic displacement parameters. In
the case of 2, the C-hydrogens were treated as above, but the Ga-hydrogens were all
located from the difference map and were refined isotropically; the Ga-H bond lengths were
constrained to be similar to each other by using the SHELXL constraint SADI. Details of
the data collection for 1 and 2 are summarized in Table 1, and Table 2 contains selected

bond distances and angles.
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Table 1. Crystallographic Data and Measurements for 1 and 2.

1 2
molecular formula C18Hg0GasP3Sig C1sHepGazAs3Sig
formula weight 747.27 879.12
crystal system hexagonal monoclinic
space group P63/m P2i/n
a, A 11.8477(2) 11.9593(2)
b, A 11.8477(2) 16.7702(3)
c, A 16.7845(4) 20.3940(4)
B, deg 90 90.3640(10)
v, A3 2040.36(7) 4090.14(13)
Z 2 4

radiation (wavelength, A
W, mm-!

temp, K

Dealcd, Mg/m3

crystal dimens, mm

Tmax/Tmin

O range for data collection (deg)

no. of rflns collected

no. of independent rflns
data/restraints/parameters
R1 (I>26(I));2 wR2b

R1 (all data);2 wR2b
goodness-of-fit®

final max/min Ap, e/A-3

Mo-Ka (0.71073)
2.268

203(2)

1.216
04x04x04
1.00/0.50
1.98-28.28

7582

1681 (Rjpt = 0.0371)

1673/0/53
0.0893; 0.1989
0.1102; 0.2254
1.127
0.879/-0.926
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Mo-Ka (0.71073)
4.554

173(2)

1.428

0.38 x 0.35 x 0.31
1.0000/0.7527
1.57-25.02

20340

7149 (Rjne = 0.0334)

7149/15/295
0.0503; 0.0866
0.0801; 0.0943
1.096
0.903/-0.763




Table 1 (continued)

b wR2 = [T [w(Fo2 - Fc2)2)/2[w(Fo2)2]]11/2 where w = 1/62(Fy2) + (a-P)2 + b-P.

¢ GooF = § = [X[W(F,? - Fc?)2)/(n-p)!/2
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Table 2.

Standard Deviations in Parentheses

Selected Bond Distances (A) and Angles (°) for 1 and 2 with Estimated

Bond Lengths
1 2

P(1)-Ga(1) 2.387(2) As(1)-Ga(1) 2.4752(8)

P(1)-Ga(1B) 2.397(2) As(1)-Ga(3) 2.4695(8)
As(2)-Ga(1) 2.4717(9)
As(2)-Ga(2) 2.4733(8)
As(3)-Ga(2) 2.4831(8)
As(3)-Ga(3) 2.4721(8)

Ga(1)-H(4) 1.50 (assumed) Ga(1)-H(1) 1.50(3)
Ga(1)-H(2) 1.49(3)

P-Si 2.267(3) As-Si(av) 2.355
As-Si; min/max 2.349(2)/2.361(2)

Si-C (av) 1.827 Si-C 1.857

Si-C; min/max

1.810(12)/1.847(9)

Si-C; min/max

1.847(7)/1.868(7)

1

Bond Angles

2

Ga(1B)-P(1)-Ga(1)

P(1A)-Ga(1)-P(1)

H(4)-Ga(1)-H(4A)

126.35(10)

113.65(10)

107.7 (assumed)

23

Ga(3)-As(1)-Ga(1)
Ga(3)-As(3)-Ga(2)
Ga(1)-As(2)-Ga(2)
As(2)-Ga(1)-As(1)
As(2)-Ga(2)-As(3)
As(1)-Ga(3)-As(3)
H(2)-Ga(1)-H(1)

H(4)-Ga(2)-H(3)

127.99(3)
126.57(3)
126.69(3)
111.76(3)
110.64(3)
110.49(3)
132(4)

129(4)




Table 2 (continued)

H(6)-Ga(3)-H(5)  121(4)
Si(1B)-P(1)-Si(1)  107.9(2) Si(2)-As(1)-Si(1)  108.74(7)
Si(4)-As(2)-Si(3)  105.95(8)
Si(6)-As(3)-Si(5)  107.91(7)

H(2)-Ga(1)-As(2)  97(3)

H(4)-Ga(1)-P(1)  108.8 H(2)-Ga(1)-As(1)  95(3)

H()-Ga(1)-As(2)  117(3)

H(1)-Ga(1)-As(l)  102(3)

Torsion Angles
1 2

Ga(2)-As(2)-Ga(1)-As(1)  -2.19(6)
Ga(1)-As(2)-Ga(2)-As(3)  -16.38(6)
Ga(1)-As(1)-Ga(3)-As(3)  -4.86(6)
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Figure Captions

Figure 1. Thermal ellipsoid diagram (35% probability ellipsoids) showing the molecular
structure of 1. All carbon-hydrogen atoms are omitted for clarity.

Figure 2. Thermal ellipsoid diagram (35% probability ellipsoids) showing the molecular
structure of 2. All carbon-hydrogen atoms are omitted for clarity.
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